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Executive Summary 
This is a design proposal for a wetland is going to be built by Ducks Unlimited 
northwest of Ronan, MT to promote waterfowl habitat using an embankment structure to 
pool water. 
• The area has a soil conservation runoff curve number of 71 
• The time of concentration was found to be two hours 
• The overflow elevation of that wetland is at 2998 feet above sea level 
• The impoundment will be approximately nine acres and have a drainage basin 
area of 1,200 acres. 
• The Embankment will pass the 100-year-24 hour storm, and maintenance to the 
structure and embankment will be minimal. 
• The control structure in the embankment will consist of a broad-crested weir with 
stop-logs. 
• A final design of using a five foot weir with two emergency spillway locations 
was chosen 
• The cost of the proposed design is $14,760 
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Introduction 
The problem of the decline of certain waterfowl populations has been recently 
recognized, and efforts have been made to help. There are a number of organizations 
actively working on creating and preserving habitat for waterfowl. Some of the groups 
are named Ducks Unlimited, Delta Waterfowl, etc. The group in which the data for this 
proposed project was collected by was Ducks Unlimited from a site near Ronan, MT.  
 
Problem Definition 
The problem that has been selected for the project is to effectively and efficiently 
create a high quality wetland in a site chosen by Ducks Unlimited northwest of Ronan, 
MT. There was no official budget given to finish the project, but design specifications 
were given. Design specifications are as follows: The wetland must pass the 24 hour 100 
year storm with a foot of freeboard. Any embankment created must be compacted to 95% 
by the standard Procter test. The embankment must also be 12 feet wide at the berm and 
have three to one side slopes. It is also apparent that minimal maintenance be required 
given its relatively remote location. Maintenance should also be minimized as to not 
disturb the wildlife using the wetland. 
 
Objectives 
The objectives are to provide high quality habitat for waterfowl as cheaply as 
possible. Should the embankment fail, human lives should not be endangered. 
 
 
Background 
The area is an intermittent wetland that dries up fairly quickly after melting and 
precipitation events. The focus of the project is to provide a wetland environment that has 
water in it a much larger percentage of the time.  
There are a few different ways in which wetlands can be created, including 
diverting water, damming up waterways, digging depressions in the ground that will be 
below the water table, etc. The art and skill of wetland creation for waterfowl habitat is 
providing the best habitat in the safest, most aesthetically pleasing, and most economic 
manner possible. 
 
Analysis 
There was a multi-step process that was employed when designing the wetland 
neat Polson. (1) The first step, which was already completed by Ducks Unlimited, is 
choosing the proper site. (2) A preliminary analysis is then done on the area to figure out 
whether or not it is feasible to create high quality wetland habitat at the site. (3) Curve 
numbers are then assigned to the drainage basin. This is done by analyzing the type of 
habitat that is present. (Engineering Handbook) (4) The next step is to determine the 
amount of rainfall in a 100 year 24 hour storm. (5) A time of concentration must then be 
determined for the drainage basin. (6) Once you have a time of concentration, curve 
number, and time of concentration, a hydrograph can be generated using these data. 
(Engineering Handbook) (7)  A depth – storage curve of the wetland must be created. (8) 
Once the depth – storage curve and hydrograph data are generated, an equation 
representing the outflow of water from your wetland must be created. (9) With all of this 
data a spreadsheet was then created to represent what happens during the 100 year 24 
hour event. (10) A number of scenarios with the given criteria must then be analyzed to 
determine which criteria are most appropriate for efficiently creating the best wetland 
possible. Each of these steps is discussed in more detail below: 
 
(1) Site selection is arguably the most important step in the wetland creation 
process. If the proper site is not selected, a high quality wetland cannot be created. The 
area where the site is located is shown. (fig. 1) 
 
Figure 1. This shows the location of the wetland. 
Aerial photographs of the site were included in the data that was received from 
Ducks Unlimited, which gave a better idea of what the area is like. (Fig. 2) 
 Figure 2.  This is an aerial photograph of the area for the wetland. 
(2) When a choosing site, there are a number of things that must be considered. 
One very important factor is how many acres of area are in the basin compared to the 
volume and area of the wetland being created. If the basin is too large, there will be too 
much water flowing through your wetland during storm events. If the basin is too small, 
then there will not be enough water in your wetland to support waterfowl. Another issue 
when choosing the site is the depth of the wetland, if the wetland is deeper than 
approximately three to four feet, diving ducks do not have access to a large percentage of 
the foods they eat in a wetland. (USFWS) Therefore, the wetland should be located in an 
area that is relatively flat. In a wetland that has too large of area, there will be too large of 
waves on the slough when the wind comes up for the slough to be desirable. The 
topography of the location is shown. (Fig. 3) 
 Figure 3. This shows the topography of the proposed wetland. 
Soil properties at the site are also very important. If the soil is too permeable, 
water will not be held in the wetland, it will just seep out. Data showing soil conditions 
and properties are shown. (Fig. 4) 
 Figure 4. This shows the soil types and permeabilities of the wetland. 
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(3) When assigning a curve number it is good to be fairly conservative. In this 
case being conservative means that more runoff is considered than is likely under normal 
flow conditions. A Hydrologic curve number was used to calculate the curve number. 
(Fig 5) 
 
Figure 5. This shows the Soil Conservation Service runoff curve number calculation 
sheet. 
(4) To determine the amount of rainfall that would fall in a 100 year 24 hour 
storm there are a few different methods that can be used, but they are all essentially the 
same. The method that was used in this design was to use data from Soil and Water 
Conservation Engineering, which was a logarithmic projection from past data and use 
that rainfall amount. (Schwab) The amount for a 100 year 24 hour storm was found to be 
3.5 inches. (Engineering Handbook) 
 
(5) To determine the time of concentration, Manning’s flow equation was used: 
 V =(1.486*S1/2*R2/3)/n. 
Where: V =velocity, S =slope, R =hydraulic radius, n =roughness coefficient 
 
The first part of determining the time of concentration is to find the area of the drainage 
basin in which it will take the longest for the water to reach the wetland. Sometime it may 
be necessary to choose a couple of different points and analyze the flow paths the 
drainage would take to find the time of travel. In this case it was fairly apparent that 
water flowing from a point in the northeastern area of the map would have the longest 
time of travel to reach the wetland. Once the point is chosen, the route must be analyzed 
to determine areas of similar slope, cross-sectional area, n-factor, and depth. In this case 
the travel path was broken up into two zones. There was not enough data to break the 
path into more zones that this. It was assumed that the channels were rectangular. The 
first zone had a slope of 0.00345ft/ft and the second zone had a slope of 0.00431ft/ft. The 
first zone had a cross-sectional area of 2 ft2 and an approximate depth of 1 ft. The second 
zone had a cross-sectional area of 0.5 ft2 and an approximate depth of 0.5 ft. The 
roughness coefficient that was used was 0.03675. When examining how the roughness 
coefficients were found, the conditions used can be found on the spreadsheet. (Appendix 
A)  
Once velocities are found for both zones, the Time (seconds) = Distance (feet) / 
Velocity (ft/second). The time of concentration was found to be 167 minutes (2.8 hours). 
When finding time of concentration it is good to be conservative (round down), and it 
was only necessary to work with round hours so the time of concentration of 2 hours was 
chosen. 
 
(6)  A Hydrograph was generated using the North Dakota Hydrology Manual. 
Using the time of concentration (2 hours), the 24 hour 100 year rainfall (3.5 inches), and 
a curve number of 71, it was determined that 1.06 inches would not be absorbed into the 
ground and would run off. This data was then plugged into a chart in the hydrology 
manual which gives a hydrograph in CSM/inch (cubic ft/square mile/inch). The 
CSM/inch numbers are then converted into ft3/second by multiplying by it by square 
miles and inches.  
 
(7) A depth storage curve was done by first plotting the G.P.S. (x,y,z) data in 
Surfer and generating a map with it. The map data were for a much larger area than the 
wetland, so when viewing individual storages at given depths, the data was skewed 
because it was storage for the whole area. The first part of solving the problem of 
narrowing down the data was to “blank” the area needed. It would have also been 
possible to blank all of the areas that were not needed.  To blank the desired, digitize 
points around it and save them as a boundary line file. One possible source of error with 
this is that your boundary line file is not fully encircled. In other words if there are any 
breaks in the boundary line it will not blank anything. Next choose the whole data file 
and blank it using the boundary line file. To get individual storage data for given depths a 
volume report for the blanked area would have to be subtracted from the whole area. 
Contour maps showing the area that was blanked, and volume reports are shown. (Fig. 6) 
 
Figure 6. This shows how the depth storage curve was generated. 
What needs to be known is how much water can be stored above the overflow 
elevation of the wetland at a given depth above the overflow elevation. This can be found 
by subtracting the volume of the wetland when full from all subsequent storages above 
the overflow elevation and doing the same with the elevations. By getting storage data for 
a number of elevations of the wetland, a graph can then be created in Excel with the 
storage on the x-axis and the depth on the y-axis. A line fitting these points can then be 
created using a high-order polynomial (sixth order) function with the y-intercept set to 
zero. The depth storage curve in the wetland was: 
 
head above weir = -3E-35*(storage6) + 2E-28*(storage5) - 3E-22*(storage4) + 
0.0000000000000003*(storage3) - 0.0000000001*(storage2) + 0.00003*(storage). 
 
Figure 7. This shows the depth storage curve calculation spreadsheet. 
 
 
(8) To create a relationship of outflow for a given elevation above the outflow, 
you must choose the proper model. This is probably the most questioned portion of the 
calculations. What was done was to use Brater and King’s weir coefficient calculations. 
(Brater) When finding flow velocites Q = VA was used. Alternatives using both weirs, 
and a natural overland outlet flow were examined. (Appendix B) It was found from this 
analysis that a natural overland flow would be sufficient to deal with the 100-year-24 
hour storm. Velocities of approximately 2-3 feet/second were found to occur without 
leveling the spillway, if work was done to level the spillway velocities of much less 
would be likely.  
 
(9) Flood routing was done with Excel. The spreadsheet uses the volume in, 
which plugs into the depth-storage curve to generate a head above the weir. The head 
above the weir then plugs into the outflow equation and generates a volume out. The 
volume out is then subtracted from the storage at the start of the cycle and the cycle 
repeats. A spreadsheet showing the calculations is shown. (Appendix C) 
 
 
(10) A number of different scenarios with different weir sizes, starting conditions, 
and overland flows were considered, and it was found that without a sufficient discharge, 
the increased head would raise the cost of any embankments to hold back the head to 
increase. So then the question is where and what type of structure the water will be 
discharged from the wetland. To create a weir large enough to handle the flow would be 
fairly costly, whereas the natural or leveled natural overflow will be much cheaper. 
 Design 
The final design that was chosen was one with a natural overflow in two areas. 
The first area in which there would be natural overflow would be in the southern portion 
of the created wetland at 2998 ft. If the water rises to 2999 ft, there will be an emergency 
overflow near the inflow region of the wetland that allows the runoff to effectively 
bypass the wetland and flow to the south. (Fig. 8) 
 
 
Figure 8. This shows a view of the main emergency spillway. 
The majority of the time there will be no flow out of the wetland, so the problem 
of dumping water in an area where it is not wanted is not realistic. Also, when the water 
does overflow it seems apparent from the topography that the runoff will follow current 
runoff patterns. Another view of the proposed wetland is shown. (Fig. 9) The red that is 
drawn on represents areas of fill such as embankments. Dashed green markers represent 
the outlines where borrow should be taken from. 
 
Figure 9. This shows a three dimensional view of the wetland design. 
The water in the wetland should naturally fluctuate enough for the wetland to 
maintain healthy wetland vegetation. The inflow will normally be very minimal besides 
during the spring and rainfall events, so it will drop below peak level at times.  
 
Costs 
The cost of the project is roughly $15,000. Cost Analysis is shown below. The cost data 
that was used was provided by Ducks Unlimited. The cost per cubic yard of fill is $3. The 
cost for site prep was $4.50 per square yard. The cost for weirs was $45 per square foot. 
The cost calculation table is in Appendix D.  
 
Conclusion 
 This project would be very beneficial to waterfowl species, outdoorsmen, and the 
environment in general. However, the cost per acre of created wetland habitat is fairly 
high. Other sites should be evaluated simultaneously to choose the most feasible site. 
Appendix A 
 
In this case, two zones were sufficient.      
         
The final step to use manning's flow equation to calculate the travel time.   
         
Mannings Flow equation       
         
v =1.486/n * R2/3 * S1/2       
V = velocity (ft/sec)        
n = Coefficient of Roughness       
R = Hydraulic Radius (ft.)       
S = Slope (ft./ft.)        
         
choosing an N-factor is based on a number of things    
1) basic. 0.02 for channels cut into earth      
2) surface irregularity. 0 negligible      
3) shape and size of cross sections. .005 occasional shape changes   
4) obstructions. 0 no obstructions      
5) vegetation. 0.01 grasses where flow is 2-3 times height of grasses   
6) meandering channel. 0.05*n minor meandering     
         
computation on "n"        
add 1-5 and multiply by 6 = (0.02+0+0.005+0+0.01) * 1.05 = 0.03675   
         
Hydraulic Radius        
R = A / P        
R = Hydraulic Radius (ft.)       
A = Cross-sectional Area of Flow (sq. ft.)      
P = Wetted perimeter (ft.)       
         
zone 1   zone 2     
A = 2 ft^2   A= 1ft^2     
P = 4 ft (2 ft wide 1 ft deep) P = 2ft(1ft wide 6in deep)   
R = 0.5        
         
Slope         
zone 1   zone 2     
20ft/5800ft= 0.003448 ft/ft 25ft/8500ft= 0.00294 ft/ft   
         
Final Calculations        
         
Vz1 = (1.486*(.5^(2/3)*(0.003448^.5))/0.3675= 1.495808 ft/sec    
         
zone one travel time = V*D = *5800ft/(1.308832ft/sec) = 3877.5 seconds 64.6251 minutes 
         
Vz2 = (1.486*(.5^(2/3))*(0.002941^.5))/0.3675 = 1.38145 ft/sec   
         
zone two travel time = V*D =  (8500ft)/(1.208769ft/sec)= 6152.95 seconds 102.549
        minutes 
total travel time = 10030.46 seconds= 167.1743 minutes    
         
 
Tc= 2.8 
hours       
 
Appendix B 
 
emergency spillway velocity calculations  
Q=VA   
V = Q/A   
Q = 240 cfs peak   
A = 116.25 peak   
V= 2.064516129 ft/sec 
 
Appendix C 
 
Appendix D 
 
elevation of 3001 ft   
bank (stoplogs)     
(elevation 3000) 
cross sectional 
area 1444.5 ft^2  
 bank length 500 ft  
(elevation 2998.5) diversion 2100 ft^3 (.5*15*300)
 main bank 30834 ft^3  
 average height 3.001 ft  
 site prep area 19500 ft^2
 weir structure 30 ft^2 (5 ft weir)
    
weir cost $1,350.00    
main embankment 
cost $3,426.00   
diversion cost $233.33    
site prep cost $9,750.00    
total $14,759.33    
References 
 
Brater, Ernest F., King, Horace. “Handbook of Hydraulics for the Solution of Hydraulic 
Engineering Problems 6th edition”. Published by McGraw Hill 1976.  
 
Environmental Laboratory. (1987). "Corps of Engineers wetlands delineation manual," 
Technical Report Y-87-1, U.S. Army Engineer Waterways Experiment Station, 
Vicksburg, MS 
 
Nris.mt.gov. Montana Department of Natural Resources. April 11, 2007. Updated 2005. 
http://maps2.nris.state.mt.us/scripts/esrimap.dll?name=LocMap&Cmd=Map
 
Schwab, Glenn O, Fangmeier, Delmar D, Elliot, William J, Frevert, Richard K. “Soil and 
Water Conservation Engineering 4th edition”. Published by John Wiley & Sons, 
Inc. 1993 
 
Smith, Roger and Knudson, Deb of the Ducks Unlimited Great Plains Regional Office. 
February, 12, 2007. 
 
United States Fish and Wildlife Service. April 13, 2007. Updated 2002. 
http://www.fws.gov/birdhabitat/NAWMP/NSST/files/Pintail%20Action%20Grou
p%202002.pdf
 
Usda.gov. National Engineering Handbook. Section 7. May 1, 2007.  1972. 
www.info.usda.gov/CED/ftp/CED/neh630-ch07.pdf
 
Usda.gov. Web Soil Survey. May 1, 2007. April 2007. 
http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
 
 
 
